Objectives-The questionnaire 16 (Q16) is commonly used to study prevalences of neurotoxic symptoms among workers exposed to organic solvents. It has also been recommended that exposed workers reporting more than six symptoms should be referred for further examination of possible chronic toxic encephalopathy. It would be useful to know whether symptoms reported in the questionnaire also 
group. Methods-135 painters and 71 carpenters answered the Q16, were interviewed about symptoms compatible with an organic brain damage, and took a battery of psychometric tests. A subsample of 52 painters and 45 carpenters were interviewed for psychiatric diagnosis according to Diagnostic and Statistical Manual for Mental Disorders, 3rd version (DSM III) and their vibration thresholds in hands and feet were measured. The entire group was followed up in the register of diagnoses at early retirement 1971-93. The lifetime exposure to organic solvents was assessed. Current exposure to organic solvents was found to be low or none.
Results-The prevalence of people with more than six symptoms in the Q16 rose with increasing cumulative exposure to solvents. The sensitivity of the questionnaire (more than six symptoms) to detect people who were assessed to exhibit symptoms compatible with an organic brain damage was only 38%. One of seven people who had retired early with a diagnosis compatible with a chronic toxic encephalopathy, and two of five people with a psychiatric diagnosis compatible with this condition, had more than six symptoms in the Q16. The Lead, mercury, manganese, certain solvents, and other agents may be toxic to peripheral nerves or the central nervous system at high exposures. Long term low level exposure may elicit chronic effects as exposed workers complain of vague and unspecific symptoms like tiredness, forgetfulness, inability to concentrate, and anxiety more often than nonexposed workers. Behavioural effects are often found as group differences between exposed and non-exposed workers in sensitive psychometric tests.I
Questionnaires have been developed to monitor early effects of neurotoxic exposures in working populations.' However, a validation procedure has been described only for the questionnaire 16 (Q16) .2 This questionnaire was developed to monitor effects on the central nervous system among workers exposed to solvents but it has also been successfully used on workers exposed to other neurotoxic agents.3-7 It contains 16 short questions with yes or no response alternatives on symptoms commonly described by workers exposed to solvents. The understanding of the questions was investigated by physicians, psychologists, and workers. The reliability was studied by test-retest procedures. The validity was evaluated by investigating the power of the questions to discriminate between exposed and non-exposed groups and by comparisons of groups with and without a "psycho-organic syndrome".2
It is common practice in Sweden to monitor groups exposed to solvents for possible overexposure by noting their symptom rate in the symptoms in the Q16 should be referred for further medical and psychiatric examination.2
This questionnaire has become commonly used in research on neurotoxic effects of exposure to organic solvents but it is unknown how positive responses to Q16 questions relate to other outcomes intended to measure similar effects.
We have studied the relation between Q16 replies and a physician's assessments of similar symptoms, psychometric test results, and some other outcome measurements among house painters with previous heavy exposure to mixed solvents, and among house carpenters. We have also compiled all studies published before 1996 that used the Q16 on groups exposed to neurotoxic agents. The solvent exposure during the year before the investigation was also assessed and the men divided into those who had been exposed (69 painters), and not exposed (66 painters, all carpenters), during that period.
Questionnaire 16
The participants were sent a questionnaire and asked to leave it completed with the receiving nurse. The questionnaire contained questions on solvent exposure, previous illness or disease, alcohol consumption, etc. The questionnaire also contained the Q16 questionnaire reproduced in table 1.2 Those who participated in the vibrometry examination (see later) also answered the Q16 on a second occasion, on the morning of the same day as the examination was performed.
It is recommended that people with more than six symptoms in the Q16 should be further examined to exclude organic brain damage due to exposure to organic solvents.2 Apart from examining the relation between replies to individual questions and the different outcomes we also examined the relation between six or more symptoms and the outcomes.
Medical interview
All the subjects were interviewed by the same physician in a structured way. During the interview the subject was asked whether he had noticed changes in neuropsychiatric symptoms that were related to solvent exposure-that is, impaired memory, impaired concentration, impaired intellect, emotional lability, irritability, mood change, decreased speed, loss of initiative, increased fatigue, anxiety and nervousness, sleeping problems, vegetative symptoms, sexual problems, unsteadiness and vertigo, and frequent headache. All the subjects were asked questions about each symptom: the time it was first noticed, if it appeared gradually or suddenly, and if it appeared in connection with some specific event.
In a summary index the subjects were classified as lacking symptoms of organically based functional decline of the central nervous system or as having slight or obvious symptoms. For the statistical analysis the summary index was dichotomised: those who lacked symptoms of organically based central nervous system damage and those who had such symptoms. All symptoms apart from headache and unsteadiness were included in the summary index. Details on the evaluation of symptoms may be found in our previous paper.'0 Hand supination-pronation test-The subject was asked to follow a rhythmic sound from a loudspeaker by lightly beating time on the broad response key, rotating his forearm to use alternately the backs and fronts of the four fingers.
Psychometic tests
For 10 seconds the subject was asked to follow a rhythm that started at 2 Hz and increased linearly to 7 Hz. The highest frequency the person could follow was registered.
Finger tapping-The subject held his index finger directly above the response key. The test followed the same procedure as the hand supination/pronation test, except that here the maximum stimulus frequency was 8 Hz.
Details on the equipment and the measurements may be found in our previous publication.'°S ECOND EXAMINATION About a year after the first examination, the painters with the highest cumulative exposure to solvents as judged by preliminary estimates, and a group of carpenters with the same age distribution, were called to a second examination. This included the Q16, neurophysiological examinations and interviews for psychiatric diagnosis. Of the 58 painters and 53 carpenters invited, 52 painters and 45 carpenters participated.
Vibrometry
Determination of vibration thresholds was performed at three points bilaterally: the back of the hand (os metacarpale II), the upper part of the lower leg (ventromedial surface of the tibia) and the top of the foot (os metatarsal I). We have published details of the equipment and the measurements previously.'0 Psychiatric diagnosis All the subjects who participated in the vibrometry examinations were also interviewed for about two This test consists of 40 items in which each item contains five words. Four words are features of one common category, whereas the fifth word deviates. The fifth word is to be identified. The subjects were divided into those who reported that they had, or had not had concussion, regardless of how long they were unconscious. 2-2 (0 9-5 4) Oppression 16 13 2-0 (0-8-4-9) 23 1 9 (0-9-4-1) 15 3-1 (1-2-7-5) Make notes 9 6
1-6 (055-50) 21 3-0 (1-2-7-2) 17 6-1 (2-3-16) Goback 14 7 1-1 (0-4-3-1) response relation for the combined Q16 measure of more than six symptoms. Exposure to solvents during the year before the examination, compared with no exposure during this period, did not increase the prevalence of any symptom.
RELATION BETWEEN SYMPTOMS STATED IN THE Q16 AND SYMPTOMS ACCORDING TO THE INTERVIEW WITH THE PHYSICIAN
It is recommended that men with more than six yes replies in the Q16 should be referred for further examination. When comparing these with the physician's assessment of whether symptoms compatible with a chronic toxic encephalopathy were present or not, the sensitivity of the questionnaire was found to be 38% and the specificity 89%. If the limit was changed to more than three symptoms in the Q16 the sensitivity increased to 73% and the specificity decreased to 69% (table 4) . Individual symptoms were also compared between the Q16 and the physician's assessment. High correlation was obtained where it was expected. The highest ORs obtained (> 10) were for: (a) headache at least once a week on the Q16 compared with frequent headaches in the physician's assessment; (b) easily becoming irritated according to both sources; (c) frequent palpitation according to the Q16 and vegetative symptoms according to the physician's assessment; (d) difficulties concentrating according to both sources; (e) difficulties buttoning and unbuttoning according to the Q16 and unsteadiness according to the physician's assessment; (f) "do you often need to go back and check things you have done such as turned off the stove, locked the door, etc" according to the Q16 and memory impairment according to the physician's assessment; and (g) "are you less interested in sex than what you think is normal?" according to the Q16 and sexual problems according to the physician's assessment.
Five men, who were considered by the physician to have clear symptoms compatible with a chronic toxic encephalopathy, had four, four, six, eight, and 13 symptoms on the Q16.
COMPARISON OF Q16 REPLIES, PSYCHIATRIC DIAGNOSES, AND DIAGNOSES AT EARLY RETIREMENT
Five painters and two carpenters had retired early due to a diagnosis compatible with neuropsychiatric effects of organic solvents. All of these diagnoses were primary. Only one of the men, a painter, had more than six symptoms according to the Q16. The physician had found clear symptoms compatible with organic brain damage among three of the five painters and slight symptoms in the painter also identified by the Q1 6 (table 5).
The three painters who got a DSM III psychiatric diagnosis compatible with a chronic toxic encephalopathy had four, six, and eight symptoms each. The painter with four symptoms was evaluated by the physician as having noticeable symptoms compatible with this diagnosis, but no symptoms were noted for the remaining two. The two carpenters who had six and seven symptoms each did not have symptoms compatible with a chronic toxic encephalopathy according to the physician.
RELATION BETWEEN Q16 SYMPTOMS AND PSYCHOMETRIC TEST RESULTS
Comparisons were made for the 448 possible combinations of the 16 Those who often felt irritated had worse results than those who did not in 13 of the psychometric test variables, although those who stated a decreased sexual interest, and those who stated that they generally found it hard to get the meaning from reading newspapers and books, had worse results than those who did not in 12 of the psychometric test variables.
There were 90 combinations of positive replies to Q16 questions and psychometric test results in which an association had already been considered very likely. There were significant differences in the expected direction in 14 of these combinations and in the unexpected direction in one case.
Generally there was almost no agreement between stated memory problems and test CD1, CD2, P3  DS1, P2, C2  B  DS1, DSP1, DSP2, DSP3, BD, T2  RT, CDl, CD3, P2, P3, P4, CONI  DS2, BD, RT, CD1, CD2, CD3, PI  DS2, DSP3, CD1, CD3, CONI  P1  SRB, CARDi, CARD2  CONM  DS2, DSP1, DSP3, CD1, CD2  CF2  SRB, DS2, DSP1, DSP2, DSP3,   RT, CD1, CD2, PI, P2,   CONI, CON2  P1  CARD I, CARD2  TI, CF1  SRB, CF1, CARD2, CON2  DS1, DSP1, CD1, CD2, P3  SRB  DS2, DSP1 results. In the five questions on memory, associations were found only for question 10 with digit span (all outcomes) and Claeson-Dahl (all outcomes), but the associations were weak (all ORs were below 3).
For the most pronounced associations between a yes reply to a Q16 question and an inferior psychometric test result (OR > 5) no association had been anticipated. The most notable associations were between: (a) Q16 question 5 and reaction time; (b) Q16 question 9 and the result in the digit symbol used as a memory test; (c) Q1 6 question 10 and conscription test A; (d) Q16 question 16 and digit span (repetition forward and sum for repetition forward and backward), Benton, conscription test A, and conscription test C. In all these associations the specificity (number giving a no reply to the Q16 question and having a good test result/the total number having a good test result) was > 90% but the sensitivity was < 40% in all cases.
Stating more than six symptoms in the Q16 resulted in very weak relations with the psychometric test indices, based on the number of psychometric test outcomes among the carpenters outside the 90th percentile. In these comparisons the sensitivity of the Q16 did not exceed 30%.
RELATION BETWEEN Q16 SYMPTOMS AND NEUROLOGICAL TESTS
There were weak associations between Q16 replies and neurological tests. The Q16 questions 3 and 9 were intended to reflect neuropathy. There were weakly significant associations between a positive response to question 3 and higher than median vibration threshold in the left hand (OR 2 6) and a higher mean for the vibration threshold in the right lower leg. A positive response to question 9 was significantly related to a higher than median vibration threshold in the right hand (OR 4 9) and vibration threshold higher than the 90th percentile among the carpenters in the right lower leg (OR 4 8 16 25 three papers about workers exposed to neurotoxic metals,347 and one paper about workers exposed to organophosphate insecticides. Most studies involved simple comparisons between exposure and non-exposure and found that some symptoms were more common, or the total number of symptoms was higher, in the exposed than the non-exposed group. In two studies on organic solvents exposure-response analyses were performed but relations were not found.7 17 The sensitivity of the questionnaire was only 38%, with a cut off point of more than six symptoms, in identifying those that were considered to have, mostly slight, symptoms compatible with a chronic toxic encephalopathy according to the physician. A high sensitivity of the questionnaire would be crucial if it were to be used as a screening instrument for further medical exploration. It is possible that the sensitivity would have been higher if only more severe symptoms had been identified by the physician but among the five painters who were considered by the physician to have clear symptoms compatible with a chronic toxic encephalopathy only two had more than six symptoms. Only one of the three painters with a psychiatric diagnosis compatible with a chronic toxic encephalopathy had more than six symptoms, although four out of five painters and carpenters with a psychiatric diagnosis compatible with this condition had more than five symptoms. Of those seven men who had retired early up to and including 1993 due to a diagnosis compatible with a chronic toxic encephalopathy, only one had more than six symptoms on the Q16. This suggests that the sensitivity of the questionnaire in detecting cases of chronic toxic encephalopathy is low among those without considerable recent exposure to solvents.
The exposure-response relation found in this investigation was more notable than in any other study that used the Q16 to evaluate effects from exposure to organic solvents. Quantitative assessment of the exposure has only been reported in one previously published study.716 Cumulative exposures in that study were low and no exposure-response relations were found. Other studies were mostly based on comparisons between exposed and nonexposed workers and most studies found that exposed workers had a higher mean symptom score or an excess of one or a few symptoms. This suggests that the questionnaire is a sensitive instrument to detect groups with high exposure to organic solvents among currently, as well as previously, exposed workers.
In this study many statistical analyses were performed. Thus many significant associations would be expected to occur by chance alone. However, we found plausible associations between replies to questions given to the physician and to the questionnaire. The associations between questionnaire replies and psychometric test results and other outcomes were generally weak for a few of the combinations and non-existent for remaining combinations. Our interpretation of the results is based on this overall picture and not on associations between specific questions and specific outcome tests. Thus the use of many statistical tests does not seem to have biased our conclusions.
There were few strong associations between Q16 symptoms and psychometric test results. The associations between giving more than six yes replies to Q16 symptoms and test results were very weak whereas stronger associations were found particularly for question 16 There was also low agreement between the questions on polyneuropathy and vibration thresholds in the arms and legs and coordination tests. Again the most obvious associations were for the question on decreased sexual interest, which confirms that a yes reply to this question may reflect a more serious condition than a yes reply to the other questions.
In conclusion there was little agreement between symptoms according to the questionnaire and effects measured with semiobjective methods which were intended to study the same function. This suggests that non-specific symptoms of the kind monitored by the Q16 may often be experienced without objective or semi-objective correlates. It follows that symptom questionnaires or other assessments of symptoms are necessary in the evaluation of incipient, less serious effects of agents toxic to the nervous system.
Our findings in the register of diagnoses at early retirement do not indicate that the Q16 is a sensitive instrument in detecting men with a diagnosis compatible with a chronic toxic encephalopathy but without ongoing exposure. The same was true for the comparison of Q16 findings and psychiatric diagnoses and the physician's assessment of whether symptoms compatible with organic brain damage were present or not. Hence the investigation does not support the use of the Q16 as a screening instrument for chronic toxic encephalopathy in men without ongoing exposure. The number of men with a diagnosis, or notable symptoms, compatible with an organic brain damage was low and further validation is warranted.
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